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INTRODUCTION 
PURPOSE 
The problems of laying out a new manufacturing fa-
cility, irrespective of product, are extensive, and the re-
search required for their solution is enormous if the job is 
to be done thoroughly. The purpose of this thesis is to ana-
lyze the initial steps taken to locate, design, and lay out a 
new manufacturing plant for the semiconductor division of a 
large electronics company. From t:jis it is intended that 
some generalizations be formed, eX<}eptions to standard prac-
tice noted, and the work described here analyzed. The division 
and company must remain anonymous since at the time of this 
writing all information is confidential, much of it not 
known by the majority of the employees of the division. 
PLANT LOCATION 
Very closely allied to the plant layout problem, 
when a new plant is being considered, is the plant location 
problem. This may not be readily apparent until the reader 
considers that a site adequate for a multistory building may 
be entirely inadequate for a single story building. Moreover, 
a site in a community desirable in every other aspect may be 
prohibitive in cost. It follows then that if the product and 
process dictate a single story plant, the area requirements 
of a site become far greater than if a multistory layout 
could easily be adapted for the particular purpose. 
A list of' factors pointing to and advantages to 
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single story construction would include:-:; 
1. Low cost of ground area 
2. Availability of land for expansion 
3. Less erection time 
4. Less area lost because of columns, stair-
ways, elevators, etc. 
5. High floor loads 
6. Ease of supervision 
7. Maximum availability of natural venti-
lation and lighting 
8. Lower opere_ting costs 
Some factors influencing and advanta3eous tot he multistory 
structure are:·::·* 
1. High cost of ground area 
2. Limited area of site 
3. Topography may allow entrances on more 
than one level 
4. Ease of expansion if properly foreseen 
5. Low floor load requirements 
6. Reduction of handling distances through 
use of gravity flow 
7. Lor1er heat loss through roof 
The subject of plant location and site selection is 
one that has received the attention of a number of experts 
* 1, pp. 729-730 
~H~ 1, p. 730 
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and a great deal of material is available on it. Neverthe-
less, the subject will be reviewed here for purposes of com-
parison with what follows in Chapter II. 
The location problem may be broken down into three 
phases: selecting the region; selecting the community; and 
selecting the particular site.* 
SELECTINCX T?:E REGION 
There are six factors which must be weighed, in the 
selecting of a region, which are of major consequence. They 
are (l) distance of raw materials, (2) distance of market, 
(3) transportation, (4) services, (5) labor supply, and (6) 
taxes. 
The types of factors and their importance vary from 
one industry to another and under changing conditions. The 
iron and steel industries are located near the source of their 
raw materials due to the weight and bulk involved, plus the 
fact that much of the bulk is removed in process, and the 
final product more cheaply transported. Perishable foods,** 
namely bakery and a few dairy products, require their manu-
facturing to be market-oriented, as are the service industries. 
The significance of transportation has been illustrated in the 
examples on markets and materials but it should be pointed out 
that certain products, such as flowers, produce, and light 
electronic components may be transported by air freight, thus 
* 5, p. 121 
i<* 2, p. 194 
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relievine the restrictions on their plant locations and allow-
ing more emphasis on the other location factors. Due to the 
availability of water oower the textile industry was concen-
trated in New England prior to World War II. Subsequently, 
however, wage level differentials inci.uced much of it to mi-
grate to the South, The labor supply and wage levels also 
vary from one region to another and within regions them-
selves. Wage levels on the West Coast, mid-west and eastern 
industrial areas have been consistently hi~her than in other 
localities. Tax laws affectJ.ng payrolls, profits, inven-
tories, and material consumption must be examined very care-
fully, both for the present and future. \'fitness such state-
ments as that by General Electric snokesmen, who claimed that 
corporate taxes were causing the industrial climate in Massa-
chusetts to grow more and more unhealthy; and that by the 
president of Raytheon who threatened to move his entire Corpo-
ration from that State if a sales tax were enacted,·* 
SELECTING T:I.;:<; COMMlTNITY 
This phase of plant location is no less important 
than the preceding, since several of the factors considered 
on the regional level must be examined here, and in addition, 
combined. For the most part, the factors of proximity to raw 
materials and markets have been eliminated, Still remaining 
are transportation, services and utili ties, labor supply and 
-:~ 9, p.2 
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wage scales, taxes, the community's attitude towards indus-
try, living conditions and standards, educational and re-
creational facilities, religious, medical, and financial 
institutions, housing, industry and proximity to supporting 
supplies. All of the above must be thoroughly researched. 
Transportation must be considered from two per-
spectives:'~' one, viewing t!Je movement of materials to and 
from the plant; the other, viewing the movement of people to 
and from the plant. Public transportation shoula be avail-
able in areas experiencinG harsh winter~ and service should 
continue into the night and early morning if a two or trwee-
shift operation is anticipated. Services' and utilities' 
rates and facilities such as power, water and gas need be 
evaluated in order to determine the community's capability in 
meeting plant requirements and the costs of meeting those re-
quirements. A plant requiring a large power load may find it 
cheaper to generate its own power. For certain process in-
dustries it is necessary to have a standby source since a 
power failure could result in the loss of an entire batch of 
product. Not only must the labor force be adequate in number, 
but characteristics as well. In a surveyi<* made of more than 
one thousand industrial firms, the question was asked: 11Ras 
your new plant location been completely successful, and, if 
not, wLat have been the most important contributing factors?" 
* 3, P• 197 
** 7, PP• 49-50 
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More than half the firms interviewed confessed that a com-
prehensive analysis of the labor market had not been made, so 
that when individuals in such categories as over-age, margin-
al, drifters, and physically unfit were culled, qualified 
workers represented a bare minimum. Strangely enough, the 
most often mentioned factor was calculation of labor costs. 
A number of companies developed wage rate data but neglected 
to include fringe benefits in their calculations; tLey 
learned too late that the anticipated labor cost advantage 
was nonexistent. 
The survey further revealed tl~at more than 400 
companies mentioned some type of problem with water, gas, 
power or effluent disposal. The transfer of large numbers 
of people created shortages in housing and school class-
rooms, and medical facilities were pushed to their limits. 
In connection with taxes, one cont1•oller reported 
that his firm selected a state based on the absence of a 
corporate income tax. Unfortunately the total of otLer taxes, 
as assessments on machinery, inventory, and goods in process, 
was greater than the income tax imposed b;; the state in which 
the company had previously operated. 
Another conununity requisite is tie ability to furnish 
logistical support, a seldom mentioned factor. A number of 
concerns, according to the survey, found it necessary to main-
tain expensive and costly stores of spare parts and operating 
supplies because local sou~ces were inadequate. The supply 
10 
problem is then compounded since not only is more capital re-
quired, but also more space. FloJr space, in turn, is tax-
able as property. The net result is that an often overlooked 
matter becomes a significant financial consideration. 
In concluding this pl~ase of plant location, it is 
pointed out that the most important overall factor in analysis 
is cognizance of product and distribution cost relationships. 
Failure to recognize and emphasize the most important cost 
effects is the greatest single danger. 
SELECTING THE SITE 
For reasons noted previously, and those to follow, 
land is the most important consideration in site selection. 
The site must be large enough to accommodate the new plant, 
a recreation area such as a ball field, and ample parking lot, 
and include an expansion factor for the first and last items. 
It is necessary that the topography be suitable for the t:y-pe 
of building construction, and the soil and sub-strata com-
position capable of supporting that construction and able to 
permit drainage. Before the site is actually purchased, 
therefore, the land should be surveyed, a topographical map 
made and borings taken. 
In the survey referred to earlier, one company 
allegedly spent more than three-quarters of a million dollars 
to drive piles on a site and later gave up the project as a 
bad job. Other firms purchased only enough land to satisfy 
short-term requirements, then saw future growth impeded when 
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contiguous areas became residential or commercial districts. 
The second major site consideration is the avail-
ability of transportation and its cost, which, as already 
noted, must accommodate men, materials and product. It is 
tLe latter two factors which are the determinants as to the 
type or types of transportation required. 
The next requirement, or group of requirements, is 
the presence or availability of utilities at the site. In-
cluded are power, water, sewerage and disposal, and gas lines. 
In cases where lines must be brought to the site, it should 
be known beforehand who will bear the cost. 
Other factors pertinent to the site are zoning or-
dinances, roads of access and egress, immediate surroundings, 
and cost. In most cases, the cost of the site is a relatively 
minor one compared to the total of a new plant and its equip-
ment. Exceptions are found in well developed industrial parks 
and heavily populated urban areas"where open land is scarce 
and consequently at a premium. The cost factor should be con-
sidered last in the overall analysis, ur.less it is entirely un-
reasonable. The reason for this is that its ability to meet 
other requirements, such as low utility rates, in the long 
run may easily outweigh this non-recurrinc item. 
PLANT LAYOUT 
The object or purpose of plant layout is, of course, 
that arrangement of so called fixed assets as machines and 
equipment which permits the manufacture of one or more pro-
12 
ducts at the lowest possible cost. This broad definition in-
cludes a number of factors to be considered and analyzed in 
order to achieve an effective layout. Apple* indicates these 
to be: 
equipment 
* 3, p. 22 
1. Product 
A. Products to be manufactured 
B. Production quantities 
2. Process 
A. Type of process 
B. Sequence of operations 
c. ~uantity of machines and equipment 
D. Space requirements of machines and 
3. Layout 
A. J,lethod of arranging equipment 
B. Location of service areas 
c. Department locations 
D. Special requirements of departments 
4. Materials 
A. Materials storage 
B. Materials handling 
5. Miscellaneous 
A. Flexibility 
B. Aisle space 
13 
tages:* 
travel 
handling 
labor and 
control 
c. Working conditions 
D. The building 
E. Production control 
F. Supervisory requirements 
The good layout will effect the following advan-
1. 
2. 
3. 
4. 
5. 
6. 
7. 
equipment 
s. 
9. 
10. 
11. 
Provide definite lines for travel of work 
Give the shortest feasible distance for 
Reduce the amount and cost of materials 
Gut down over-all time of work in process 
Reduce amount of work in process 
Reduce inventory in storerooms 
Bring about more efficient utilization of 
Conserve floor space 
Increase the efficiency of mass production 
Si~plify work routing 
Reduce the labor and cost of production 
To those unf~~iliar with plant layout, it may seem 
that this process is non-recurring, once a satisfactory lay-
out has been made. This is an erroneous conception. Many 
i~ l, P• 733 
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companies have varied product lines among which the demand 
for individual items is constantly changing. Layout revi-
sions are necessary from tlme to time on this basis alone. 
In addition, changes in component parts of products, changes 
in processes and equipment, and the adding or eliminating of 
a product necessitate changes in layout. Consequently, the 
best layout never remains the best,* and a good layout is a 
changing one, varying as the needs of a product or process 
vary. Probably the most important single quality of a layout, 
then, is flexibility, provided that that flexibility is in-
expensive and permits current efficiency. 
TYPES OF LAYOUT 
The chief determinant of the type of layout is the 
process involved, since it is by means of the process that the 
product is produced. Bethel, et al, list four types of pro-
ductive processes:i~ 
1. Synthetic - the assembly of components 
2. Analytic - resolution of raw materials 
into elements or constituents 
3. Conditiong - changing of physical form or 
properties 
4. Extractive - removing or separating from 
other substances 
Two basic types of manufacturing layouts are recog-
* 5, P• 167 
iHi 2, p • 227 
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nized, the product layout, anj the process layout. The first 
is also referred to as production l:i.ne layout, the second, 
functional layout. Generally, neither of these is found in 
its pure form, most plants including both to some extent, 
although one may predominate. 
PRODUCT LAYOUT 
Product layout is usually associated with high 
volume standardized items produced in large part by special 
purpose automatic machinery and equipment. Individual pieces 
of equipment are arranged in sequence according tot he order 
of operations, so that the path travelled by each part is a 
straight line, as near as possible.·::· Most, or all of the 
equipment needed to produce each part is grouped in one de-
partment or production center. 
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Product layout has its distinct advantages and dis-
advantages. The automatic equipment requires operation by only 
semi-skilled workers but is still able to mass produce work to 
close tolerances. Overhead, however, is high since skilled 
set-up men, maintenance mechanics, anc methods engineers are 
required to a greater degree than in process layout. Materials 
handling, manufacturing delays, loss of material, quantities 
of work in process, inspection, and production time and con-
trol are reduced due to the arrangerr,ent of equipment. On the 
other hand product layout is more susceptible to production 
stoppages since the breakdown of one machine can cause a 
~} 3, p. 26 
whole line to be shut down. The high cost oi' special purpose 
equipment makes it imperative that the equipment be run con-
tinuously, so that a falling off o.f demand also causes expen-
sive idleness. The inherent inflexibility of this type of 
layout also makes major design changes costly. 
PROCESS LAYOUT 
Process layout is characterized by the grouping of 
machines and equipment performing similar operations, and 
normally obtains where the product is not standardized or 
when production runs are relatively short and continually 
changing. As a part is worked on it is transported from one 
department to another until all operations have been com-
pleted. 
The advantages and disadvantages of process layout 
are pretty much the converse of product layout.* One of the 
major advantages is t£,e lower investment required due to less 
duplication of equipment. Another is its flexibility. Changes 
in design, sequence of operations, or volume can be handled 
more easily, and the same operation need not be done always 
on the same machine. Breakdown of one piece o.f equipment 
does not tie up a whole line and work may be assigned to 
another machine. Supervisory personnel are more expert in 
their knowledge since they become completely fa.'lliliar with a 
process or type of operation·. As 1'or the negative aspects, 
{~ l, pp. 757, 758 
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production control and accounting are more complex and 
costly. More floor space is required since equipment is less 
densely arranged. Production time is longer, requiring larger 
inventories and more storage space. Matertals handling costs 
are higher, more manual labor being required ,~ue to the lack 
of adaptability of conveyors and other automatic handl i.ng 
equinment. 
CON.OINATION LAYOUTS 
In order to a void backtracking and reduce the 
materials handling problem, some companies have combined the 
two described layout patterns to arrive at a third labeled 
11 semi serialized" by one group of authors.* In this technique, 
several dissimilar machines are grouped in one area to per-
fonn a series of operations. For example, in the United Shoe 
Machinery Corporation's Beverly Plant, a huge job shop, all 
work on heavy castings isoone in one area housing milling 
machines, planers, radial drills and spindle drills, In this 
way, materials handling costs and delays are reduced, and 
visual control maintained over the product. 
PLil.N'l LAYOUT TOOLS 
One of the most common tools used in the planning 
stages of a layout is the process flow chart-:;* which depicts 
graphically the movement sequences of material or a product 
as it passes through the plant. 
·;} 2, p. 230 
'Hie, p, 233 
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The entire process is broken down into four or sometimes five 
steps and each step represented by a symbol as follows: 
Q Operation 
o Transportation 
\S7 Storage - Temporary 
~ Storage - Permanent 
0 Inspection 
By means of SJ~bols and brief descriptions, pro-
duct or materials flows may be reduced to visual forms which 
can be studied and analyzed for the purpose of determining 
the proper sequence of operations. The relationships among 
operations are more clearly seen and inefficiencies more 
easily detected. 
Another layout tool, similar to ti;e flow chart, is 
the process flow diagram, a floor plan view or sketch of the 
plant including its several departments. With the use of 
arrows, the flow of materials can be traced tt~ough the plant 
and long transports or backtrackings made obvious. In the 
case of multistory buildings, this procedure is particularly 
useful. 
The equipment card is a third aid for layout plan-
ning. A standard 3x5 or 5x8 file card is made out for each 
piece of equipment to be included in the layout, on which is 
entered such information as dimensions, weight, and utility 
requirements and usage. 
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LAYOUT MATERIALS 
With the advent of many special materials to the 
cormnercial market, tLe job of actually laying out a depart-
ment or plant has been greatly simplified. The materials 
include two-dimensional plastic templates to represent all 
t;,pes of standard machine tools and office equipment; and 
tapes imprinted with special designs to represent outside 
walls, inside walls, partitions, building columns, aisles, 
stairways, windows, and elevators. Tapes are available in 
various colors and widths. 
Three-dimensional materials are also available, 
consisting of tl~ee-dimensional models of machinery, and 
plywood or transparent plastics for floors, walls, and part-
itions. Three-dimensional layouts are sometimes necessary 
for plants employing much overhead equipment, such as cranes 
and conveyors, where clearances are critical and less likely 
to be accurately visualized from two-dimensional layouts. 
For certain process industries, as petroleum refining and 
steel making, three-dimensional work is also more satis-
factory, due to the height and complexity of equipment. 
The American Society of Mechanical Engineers has 
adopted a scale of one quarter inch per foot for all layout 
material described above. Also made to this scale are trans-
parent plastic sheets, printed with blue, orange or black one 
quarter inch coordinates, on which templates may be laid out. 
This grid material is durable and may be run through an 
20 
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ozalid machine any number of times to produce prints of al-
ternate or revised layouts. The material is especially de-
sirable in the case of laying out a new plant since distances 
and dimensions are readily determined by architects, engineers, 
construction and plant engineering people who will have use for 
prints of the final layout. 
SEMICONDUCTORS 
The semiconductor industry, a segment of the field 
of electronics, is still in its infancy, the semiconductor 
device having been discovered as recently as 1948 in the Bell 
Telephone Laboratories.* Semiconductors are classified under 
two headings: transistors ana diodes. Transistors act as 
amplifiers; that is, they increase a given or original elec-
trical input. Diodes, on the other hand, are rectifiers; 
they convert alternating or oscillating current into a uni-
directional flow. 
A small group of elements, especially germanium and 
silicon, are electrical insulators in their pure crystalline 
states. When foreign atoms or other impurities are added, 
they acquire the property of conduction. The most signifi-
cant feature of semiconductors is that tneir conduction 
differs in a very desirable way from those of metals. First, 
they allow electrons to flow in one direction but resist 
their flow in the other, particularly in the case of germa-
* 7, p. 160 
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nium; second, and more important, their conductivity does 
not vary uniformly as does that of metals. Instead, large 
increases in voltage beyond a certain point and continuing 
to a higher point, cause only a very slight increase in the 
runount of current dissipated. To state this in more prac-
tical terms, the transistorized radio requires far less 
power to operate than one equipped with vacuum tubes. The 
graphic representation of current vs. voltage then is a 
curved rather than a straight line for semiconductors. 
To further explain the emergence of semiconductors 
as highly important electronic devices, the following points 
of contrast are offered. Vacuum tubes require time to warm 
up.; tlaey generate heat which if not dissipated will cause 
the tubes to burn out; they are inherently fragile, delicate, 
and temperamental devices with a limited useful life. 
Transistors, on the other hand, require no warmup time; they 
emit such an insignificant amount of heat that no ventilation 
system is necessary even when they are stacked ;,ide by side. 
T'ney are almost unbreakable and are able to withstand the 
tremendous physical shocks met when used in guided missiles; 
finally, they are tiny in comparison with their older 
brothers requiring about one-fiftieth the amount of space 
occupied by a tube. 
These factors, then - low power and space require-
ments, ruggedness and dependability - are responsible for 
the device's impact on the electronics world. 
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ORIENTATION 
In order to acquaint the reader with the f'unc-
tional structure of' the division and to f'acilitate his 
understanding of' semiconductor manuf'acture, it is probably 
wise to include at this point a brief', oversimplif'ied de-
scription of' the operating departments of' the division. 
MATEFtiALS DEPARTMENT 
In this department, whose name is not self'-explan-
atory, the semiconductor material itself is prepared. In 
the case of' germanium, a commercial grade of germanium 
dioxide in small ingot f'orm, is ref'ined to a point of almost 
absolute purity. To it are added f'oreign or impure sub-
stances to bring it up to a known, specified, level of' im-
purity. From this are f'abricated, by mechanical processes, 
the semiconductor crystals or 11 chips 11 as they are ref'erred 
to in the industry. These parts range in size f'rom .020 
inches square by .008 inches thick to .040 inches square by 
.008 inches tLick, and constitute the core of the semi-
conductor devices into which they are assembled. 
ASSEMBLY DEPARTMENT 
Here each chip with an indium pellet on either side 
and a f'ourth part called a 11 tab11 is located in a carbon boat 
or f'ixture. The boat, loaded with 100 such subassemblies, is 
passed thru an alloying f'urnace enclosing a hydrogen atmosphere. 
The alloyed subassemblies are then tested f'or short circuits. 
Acceptable units are subsequently welded under microscopes to 
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another subassembly called the "stem", which includes the 
lead wires and part or the casing ror the whole unit. Arter 
the welding operation, the units are subjected to an acid or 
caustic bath, depending upon the type unit, and tben com-
pletely sealed by another welding operation in a very dry 
atmosphere. The completed units are vacuum baked and then 
put through a cycling process during which they are subjected 
to extremely low and high temperatures. Another testing 
operation is then perrormed to eliminate derective units. 
Acceptable units are then sent to either the plating depart-
ment ror gold plating, which enhances certain electrical 
characteristics, or directly to the parts department. 
PARTS DEPARTMENT 
Admittedly, the name or this department is also 
vague and not at all descriptive. Nevertheless, the ir-
regularity is negligible ror the present pt:rpose. In this 
department, the leads or the rinished semiconductor devices 
which during the assembly operations may have become bent or 
twisted, are oriented, color coded and cut to proper length. 
From here they are sent, again depending upon the type, either 
to rinal test or to the warehouse. Other operations are also 
performed in the Parts Department, but their omission here 
is or no consequence. 
FINAL TEST 
Semiconductor technology has not yet reached the 
point where a particular device with all its characteristics 
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specified beforehand can be made to order. Throughout the 
industry the state of t::::e art is still far fr·om the point 
where manufacturers can produce to a final type, which in 
this sense would be analogous, for example, to a blue, four-
door, hardtop, automobile equipped with an eight-cylinder 
engine, automatic transmission, power brakes and power 
steering. The problem with semiconductors is greater, how-
ever, since t!1eir characteristics or parameters number up to 
twenty in any one device, and each parameter has its own range 
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of values. Hence the existence of the Final Test Department--
itself one section of a combine known as the Customer Service 
Department--whose function it is to test and classify each family 
group into sub-groups and final types. The term 11 fa1nily 
group" is used here to mean all units macie up of exactly the 
same components, and whose processing was exactly the same 
in all operations. 
WAREhOUSE 
The warehouse is composed of three sections which 
store the finished product in three distinct phases. The 
first for finished goods untested; the second, finished goods 
whose parameter ranges have been tested and which have been 
partially classified; and the third, finished goods whose 
parameters have been completely tested and classified into 
discrete series and which may now be drawn upon for shipping. 
CHAPTER I 
ADMINISTRATION 
ORGA!HZA'I'ION 01" 1'lih; PLA;n' PHOJECT DEPARTMENT 
Earily in 1958 the Sales and Marketing Depart-
ments of the division concerned presented projected sales 
forecasts for the semiconductor market through 1963 at a 
top level management meeting. At this meeting a momentous 
decision was made concerning the product to be manufactured. 
One plan could have been to specialize in low volume, high 
cost, specialty items of limited application. Another, to 
produce high volume, low cost units of wide marketability. 
The third possible objective was to go after both markets. 
This last was the program adopted. 
This basic decision having been made, the forecast 
sales figures were circulated among all departments (of the 
division) to be translated into necessary production levels 1 
personnel, equipment, and space requirements for further 
planning. The details of tr~s information were compiled, 
organized and presented in book form and labelled the 11 5 
Year Plan" which was to serve as a guide. 
At a subsequent meeting the top management group 
decided that requirements for space - in addition to that 
available but not yet expanded into - could best be met in a 
new manufacturing facility in order to gain operating 
economies. In connection with timing, it is pointed out here 
that it was necessary for production in the new plant to be 
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phased into overall division output about November, 1959, 
the date when production requirements would exceed present 
capacity. The division was then housed in four different 
buildings, only two of which were in the same town and the 
largest, an old four-story affair, built during Theodore 
Roosevelt's administration. 
At about this time, the Division Manager received 
the resume of a man seeking the chief industrial engineer's 
job which was vacant. By a fortunate coincidence, this 
man's background included the supervising and coordinating 
of activities for the layout and construction of new plants. 
Realizing that the existing industrial engineering depart-
ment was understaffed, and that normally the responsibility 
for getting a new plant built would have rested with it, 
the Division Manager decided to select the applicant mentioned 
to head a separate department whose sole purpose would be 
the design and layout of a new production facility. The 
newly created department was give the name "Plant Project 
Department". 
After f~~iliarizing himself with the division's 
plans and the scope of the neVI plant project, the Project 
Manager, a:fter reading scores o:f resumes and conducting half 
a hundred interviews, proceeded to hire a secretary and a 
staff of six engineers, the last of whom reported to work in 
mid-December, 1958. Of the six, three were senior industrial 
engineers, one a junior industrial engineer, the :fifth, a 
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junior civil engineer, and the sixth, a junior mechanical 
engineer. Selection was based primarily on ability (in this 
case, initiative and ingenuity); experience in terms o~ time 
and background were secondary. Nevertheless, two department 
members were well versed in construction techniques, and two 
were very well qualified in plant layout, among other things. 
BACKGROUND 
Based on the Five Year Plan, space requirements by 
the fourth quarter of 1963 would reach 400,000 square feet 
and personnel requirements, 5,000 people. At one of the 
management meetings in the fall of 1958, it was decided that 
this area could best be housed in two manufacturing plants 
and an administration-engineering building, the latter to 
house the division staff, the Sales and J{!arketing Departments 
and the engineering functions, namely, advanced development, 
applications, mechanization, product development and process 
engineering. It was further agreed that the administration-
engineering building be located in the present metropolitan 
area. In the writer's opinion this is considered to be a 
good decision. The division now has andvvi ll require in the 
future even more professional people, many of whom have 
advanced degrees and who are difficult to obtain and retain 
in undesirable communities. Many firms have made the mistake 
of overlooking the 11 liveability11 requirements that are a must 
~or these people. The presence of universities for consulta-
tion and advanced study, adequate recreational and cultural 
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facilities, and professional societies are some of their 
requirements. 
The division's present location is an area well-
qualified for the engineering, sales, marketing and adminis-
trative functions for the following reasons: 
l. The secondary schools are generally 
excellent. 
2. There are a number of colleges and 
universities well recognized for tLeir academic standards, 
which makes the area desirable for technical people from this 
aspect. 
3. Public transportation is relatively good 
for a metropolitan area. Customers have accessibility to the 
division's operations from railroad stations and a good 
airport. hotel accommodations are excellent. 
4. Recreational and cultural facilities abound. 
5. The company researcn laboratory is also 
located in this area and its assistance on technical problems 
must be considered an advantage. 
6. The cost of clerical and hourly labor is 
lower than in most metropolitan areas of comparable size. 
7. Relocation of the groups mentioned would 
involve the risk of losing a number of professional people. 
The foregoing factors provide a sound basis for 
retaining the functions noted in the present area. 
Because manufacturing space was most urgently needed, 
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the first building to be constructed was a manufacturing 
plant designed to produce half the volume forecast for 1963 
and include all final testing and related activities, and 
all warehousing operations. The decision to divide total 
manufacturing capacity between two plants is attributable 
to two reasons. The labor requirements for one large plant 
could not be met without lowering standards, and even then 
might not be met soon enough. In addition, the division did 
not wish to become a dominant or major factor in any community's 
economy, from the public relations' standpoint. A third 
consideration, offered by the writer, is that the capital 
approval and outlay, which had to come from the corporate 
level, might never have been made for such a large sum. 
Wi til the foregoing basic decisions having been made 
and certain variables eliminated, the stage was set for the 
Plant Project Department and its design and layout of the 
first manufacturing plant. 
PROJECT REPORTS 
Originally, the junior industrial engineer was hired 
as administrative assistant to the Plant Project Department 
Manager in order to coordinate tree ordering and purchasing 
of office supplies and working materials, and the writing 
of reports. Performance of these duties required only a 
small fraction of his time, and as it turned out, no reports 
for the Project Manager were written by him. In early 
January, 1959, the administrative assistant authored two memo-
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randums, a copy of each of which went to the Department 
members. The first described the format to be used in 
writing project reports for the Department Manager's file. 
The second requested that all quantitative and qualitative 
information developed during the overall project wlrlch could 
be useful to the construction engineering firm to build the 
plant, be put into specification form and placed in the central 
file to be set up for that purpose. 
In connection with the second memo, the adminis-
trative assistant anticipated that during the course of 
their information gathering, the Department members would 
receive various suggestions and recommendations for certain 
items or features that would be desirable or necessary to 
include in the new plant. For example, humidity control in 
certain areas; higher than average lighting intensity in 
others; acid-resistant floor coverings in still others, etc. 
To consolidate and convert these facts into useful form, 
therefore, the central file was devised. 
In neither case was the procedure followed as out-
lined in the memos. Although the projects assigned by the 
manager were all-inclusive ones, each was comprised of a 
number of inter-related sub-projects, so to speak, which 
could have been reported on periodically. No reports were 
forthcoming, however, and the Manager was satisfied with in-
formal verbal reports once or twice a week. It is well to 
explain here that the Manager was in constant contact with his 
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engineers, continually answering questions both on details 
and major problems, with amazing ease. Fortunately he was 
able to retain a great deal of knowledge and apply it; very 
keen and alert during meetings and discussions; always in 
command and able to make a decision. His own capabilities, 
then, were probably partly responsible for his allowing the 
group to function so informally. It is also known that he 
felt all his men to be very capable, and therefore probably 
decided that reports were not essential to a closeworking, 
informal team. 
The writer maintains that progress reports should 
have been written. Informal verbal reports may well be used 
to advantage if made occasionally or at brief intervals when 
situations or circumstances dictate. For example, there may 
be occasions when an engineer is working on a lengthy pro-
ject and his superior wishes to be brought up to date just 
to have his fingers on the pulse of the project, or because 
he may need certain information in connection with another 
matter, or because he has suggestions and advice to offer. 
There may also be times, when, in the course of a project, 
a man must change his approach or course of action, but can-
not without the authority of his superior. Obviously a cer-
tain amount of reporting, in the way of explanation, will be 
forthcoming in order to receive that authority to carry on 
the work. 
As a general policy or procedure, bowever, there 
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is little justification for depending upon verbal reports 
only. To begin with, the project work here included many 
details, some of which involved figures such as volumes of 
materials used, numbers of pieces of equipment, square 
footage, and the like. Most of these were included in per-
sonal notes and records, but others were entrusted to memory 
as were ideas and facts. Too many loose ends were left 
hanging, and possibly forgotten items went unnoticed. More-
over, Department members frequently requested information 
from each other, and other departments made use of some of 
the information gathered. 
Had a file of formal reports been maintained, a 
permanent record of the Department's activity would have been 
available. Not only would the Project Manager have been 
posted regularly, but information would have been available 
to all who needed it in most communicable form. A reference 
file for future use, and bases for furtber planning, are 
further justifications for written projects reports. 
Despite the fact that written reports did not 
exist, the Department's operation never appeared to be at 
all hampered, and a partner of the architectural-engineering 
firm selected to design the new plant stated that his 
company had never worked with a group whose planning r~d 
been so complete and logical. 
T'ne specifications file met the same deatt as the 
project report file. Pertinent information was recorded in 
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t:e form of personal notes or entrusted to memory by the in-
dividual engineer and later passed along verbally to the 
engineering consulting firm or included in the template lay-
out of the plant. 
At the outset, one of the senior engineers advo-
cated the drawing up of a progress chart showing the sequence 
and relationship of the major work phases, and under each 
the minor ones, whose completion was necessary for accom-
plishment of the entire project. This individual drew up a 
detailed program, with some assistance from the other en-
gineers, and submitted it to the Project Manager to be used 
as a guide and check list. The Project Manager was pleased 
with the chart and fully appreciated its value. Neverthe-
less, it shortly became forgotten and fell into disuse except 
by its conscientious originator, who periodically consulted 
and revised it as Division and Department plans changed. 
There is no doubt in the writer's mind that tllis 
chart could have been of invaluable aid. As a matter of 
fact, it is surprising that the Division ;,!anager, an extreme-
ly capable executive, never requested such an operating plan 
from the Project Manager as a means of periodically auditing 
the department's progress. The multiplicity of facets of the 
whole job at times caused the feeling of sailing tl•e ocean 
without maps and taking fixes to ascertain one's position. 
A second advantage of the chart would have been that the 
Department Manager could have known where each man was in his 
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assignments. 
Another technique which would have served a pur-
pose, but never considered, is that of an introductory letter 
or memo from the Department Manager to all other department 
heads and supervisory personnel explaining tLe purpose of the 
Plant Project Department and notifying them that each would 
be contacted in the near future by a department member who 
would be in search of certain facts, ideas, and opinions on 
the new manufacturing plant. This would have started re-
sponsible people thinking about ways of improving the present 
operation and would have prepared them for meetings with the 
department members. 
DEPARTMJ:<;NT IVIEETINGS 
Department meetings were held once a week, on the 
average, though never at a prearranged time. Whenever there 
were any new developments in coru1ection with the project--
such as when the site was selected, or when a company vice 
president requested a list of all non-production capital 
equipment--the Department Manager called a meetinc;, either to 
bring the group up to date or give assignments for a crash 
program. Meetings were also held to discuss the physical 
aspects of the plant. Examples of this were t.i:1e location of 
departments relative to each other, traffic flow, aesthetic 
features of the building, cafeteria capacity, and a single 
vs. two-story office section. 
Invariably these meetings degenerated into brain-
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storming sessions or general discussions that covered a 
wide range of subjects and lasted an hour-and-a-half or 
two hours, ratr.er than the ten or thirty minutes originally 
intended. 
Some of this time was well invested, some of' it 
not so profitably, since matters concerning only two or 
three members of' the Department were often examined in the 
presence of' all. It is felt that tbe meetings could have 
been handled with more dispatch, and a certain amount of 
boredom and lost time avoided, had tbey been restricted to 
subjects of' interest to the whole Department, and had they 
been brought to a quick close at tr1e appropriate times. 
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CHAPTER II 
PLANT LOCATION 
The first item on the Department Manager's personal 
agenda was the solution of the plant location problem, a task 
he undertook to accomplish himself because of its general im-
portance and because it was one of the first phases of the 
work necessary to complete. 
SELECTING THE REGION 
Since communications among the administration, 
sales, engineering and the manufacturing departments are ex-
tremely important, it was decided that the maximum distance 
between the new plant and the administration-engineering 
building should be no more than three hours' driving time. 
There are approximately 100 cities and towns within this dis-
tance from the division's present location, some of them out 
of state. 
SELECTING THE COMMUNITY 
Working with the company's corporate personnel 
office, the Department Ilianager made a preliminary screening 
of these communities, narrowing them down to 22 by eliminat-
ing those that were too small or, on the basis of firm 
knowledge, not desirable from a standpoint of labor rates, 
labor attitudes, availability of labor, or other unfavora-
ble characteristics. 
In October, 1958, the Department IY:anager retained 
the services of Arthur D. Little, Inc., to make a preliminary 
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survey of the 22 communities. A check list was given to 
the consultant firm enumerating in detail the information 
required, the major classifications of Wrlich were: 
1. 
2. 
3. 
4. 
5. 
6. 
7. 
s. 
9. 
10. 
11. 
Population 
Climate 
Transportation 
Utilities 
Taxes 
Labor 
Industry 
Schools and colleges 
Recreation and churches 
Medical facilities 
Government 
A. Type 
B. Zone 
c. Police department 
D. Fire department 
12. Available temporary floor space 
13. Available financing 
In addition, copies of local newspapers, maps, 
zoning laws, city financial statements, planning programs, 
and maps of available sites were requested. 
After this data was accumulated and the communities 
visited by two of the consultant's staff, the Department Man-
ager and the Division Personnel Manager conferred with them. 
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Sixteen of the twenty-two communities were eliminated for one 
or more of the following reasons: 
mostly women 
factors 
1. High tax rate 
2. Local financing unavailable 
3, Too close to other company plants 
4. No site available 
5. Available sites too expensive 
6, Utilities not available on sites 
7, Labor not available 
8, Commu.Tlity not organized for development 
9. No local interest in a new plant employing 
10, Generally unattractive with no positive 
Of the six remaining communities, labor rates data 
was available on two from recent surveys conducted by the 
company's corporate personnel relations group. Researchers 
were sent to the other four to survey in detail labor rates 
and availability. From this information one more city was 
written off because of its inadequate labor supply, fu~d still 
another after much deliberation due to its borderline prox-
imity to one of the corporation's other plants. The Division 
Personnel Manager then analyzed wage information pertinent 
to the last four communities, A description of the procedures 
used to arrive at payroll costs that would be incurred in each 
of the four locations is given in the oaragraphs below. 
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The new plant will employ in 1963 an estimated 1993 
hourly, 193 weekly salaried, and 133 monthly salaried people. 
Weighted average hourly rates which will be in effect in the 
division's present location in September 1959 will equal 
~1.65 per hour. The current weekly salaried payroll averages 
$75 per week. The current average salary for monthly person-
nel is ~~700 per month. 
These figures were used as the basis for computing 
the total payroll for the new plant if it were to be located 
in the division's present area. Shift differentials plus a 
factor of 15% for labor connected expense were included. The 
differences in estimated hourly rates for the four communities 
being compared were then deducted from this payroll figure to 
arrive at the payroll costs for each of the four locations. 
The savings in hourly rates are exhibited in 
Taole 1 and total payroll savings in Table 2. Tne four com-
munities have been labelled "City A", "City B11 , etc. Cities 
A and B are located in the same nearby state; the other two 
are located in the same state as the present plant. No fig-
ures are shown for City C since its labor rates are the same 
as those of the present location. 
In all tables, figures represent 1963 operating 
levels. 
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City 
A 
B 
D 
Hourly Personnel, Mechanical 
Excludins; Trades Trades Clerical 
liP .10 $ .35 i? 
.20 .60 .15 
.10 .40 .15 
TABLE 1. SAVINGS IN HOURLY RATL!.S, OVEH PR~SENT 
LOCATION IN CENTS PER HOUR 
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PRESENT CITIES 
PAYROLL CLASSIFICATION LOCATION A B D 
-
Hourly, Including Trades 
Shift Employees 
-
lst 1012 $3,272,808 
2nd 981 3,489,829 
Hourly, Excluding Trades 
lst 937 $183,652 $367,304 $183,652 
2nd 906 195,314 390,677 195,314 
Trades 
lst 75 51,450 88,200 58,800 
2nd 75 56,595 97,020 64,680 
Clerical 
1st 140 525,525 42,042 42,042 
2nd 53 214,277 17,150 17,150 
Monthly 
lst 105 882,000 
2nd 28 258,720 
TOTALS $8,643,159 $487,011 $1,002,393 $561,638 
15% Labor 
Connected Expense l, 296,474 73,052 150,359 84,246 
TOTAL SAVINGS $560,063 $1,152,752 $645,884 
TOTAL PAYROLL $9,939,633 $9,379,570 $8,786,881 $9,293,749 
TABLE 2. ANNUAL PAYROLL SAVINGS 
Tables 3 through 5 are cost comparisons of taxes 
on real estate, machinery and equipment, and inventories, 
respectively. Table 6 shows the state sales tax payment 
that would obtain in either City A or B. As yet, no sales 
tax has been levied in the state where the division is now 
located, although passage of one is imminent. 
There is no state corporate income tax where A and 
B are situated. There is one in the present state. Since 
part of the division would remain in the present location, a 
portion of the division's profits would be taxable even if 
the manufacturing facilities were located out of state. This 
amount is estimated to be $95,000. If all the division's 
facilities were to remain in the present location, the income 
tax would equal $275,000. These figures are included in 
Table 7, the overall comparison of payroll, tax, and utility 
costs. 
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B 
c 
D 
Basis of Assessment 
and Tax Rate/$1000 
30% of cost; tax rate $70 
25% of cost; tax rate $57 
Land: $.50 per square foot 
occupied by buildings; 
$.17 per square foot 
balance 
Buildings: $3 per square 
foot; tax rate $53 
25% of cost; tax rate $65,20 
Annual Tax 
:j?55,000 
37,000 
39,000 
42,000 
TABLE 3. ANNUAL REAL ESTATE TAK COSTS, BASED 
ON CONSTRUC'l'ION COST OF $2,600,000. 
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City 
A 
B 
c 
D 
Basis of Assessment 
and Tax Rate/$1000 Annual Tax 
30% of book value; tax rate $70 ~40,000 
25% of book value; tax rate $57 27,000 
100% of book value; tax rate i6,25 12,000 
100% of book value; tax rate $6.25 12,000 
TABLE 4, ANNUAL CAPITAL EQ.UIPMENT TAX COSTS, 
BASED ON 1963 BOOK VALUE OF $1,900,000, 
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INVENTORIES: 
City 
A 
B 
c 
D 
Raw Materials 
In Process 
Finished Goods 
TOTAL 
$ 995,000 
1,660,000 
6,630,000 
9,285,000 
Basis of Assessment 
~Tax Rate/$1000 
30% of cost; tax rate $70 
25% of cost; tax rate $57 
100% of cost; tax rate $6.25 
100% of cost; tax rate $6.25 
TABLE 51 ANlWAL INVt;NTORY TAX COST 
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Annual Tax 
~195,000 
132,000 
58,000 
58,000 
Operating Supplies 
Office Supplies 
Maintenance Supplies 
Non-Capital Tools and Equipment 
Non-Capital Office Equipment 
Rental, Accounting, and Office Equipment 
Fuel Oil 
Electric Power 
Telephones 
Machinery and Equipment 
TOTAL 
$600,000 
150,000 
500,000 
600,000 
25,000 
75,000 
12,000 
191,000 
50,000 
500,000 
2,703,000 
$2,703,000 taxable@ 3% = $81,000 Annual Tax 
TABLE 6. Al'-:NUAL SAlES TAX COS1'S, CITIES A AND B 
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Table 7 is a s~Tiary of the data presented in 
Tables 1 through 6, and reveals City B to be the least 
expensive to operate in, while City C is the most expensive. 
City C was automatically eliminated from further considera-
tion for this reason and two others. First, it was felt 
that it would become union organized# very quickly; and 
second, that a sales tax would be in effect shortly. 
City D has a financial advantage over City A, but due to 
its borderline proximity to other plants of the company, 
it, too, would probably become unionized ana the difference 
of ~135,000 more than offset by the resulting drop in pro-
ductivity. l•ioreover, passage of a sales tax would largely 
reduct City D's advantage over City A. Consequently, 
City D was also eliminated. 
#The biggest danger associated with a union, from the 
division's experience, is low productivity. 
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CI'l'Y 
~ A B c D 
Payroll $9,380 :j$8,787 ~9,940 :jp9,294 
Real Estate Tax 55 37 39 42 
Machinery and Equipment Tax 40 27 12 12 
Inventory Tax 195 132 58 58 
Sales and Use Tax 81 81 # # 
State Income Tax 95 95 275 275 
Power 191 191 204 225 
Fuel 9 10 7 7 
Gases 1,223 1,221 1,227 1,221 
TOTAL 11,269 10,581 11,762 11,134 
# A sales tax wi 11 mast likely be in effect soon. 
TABLE 7. ANNUAL COST SUl1'4tLAHY OF VARIOUS FINAl'JCIAL 
FACTORS (ooo•s omitted) 
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By the end of December, 1958, the potential com-
munities having been narrowed down to two, tne Project 
Manager, Division Manager, and consultant visited the two 
areas and discussed with their local development commissions, 
the possibility of locating a new plant in their areas. Both 
groups were extremely enthusiastic since a plant of the size 
contemplated would have bolstered considerably the economy 
of either area. 
About the middle of January, 1959, the Project 
Manager made a second trip to City B for further discussions 
with local business leaders, during which he was assured that 
local banks would completely finance the construction of the 
new plant. On his return, he wrote a report of his findings, 
&~d reco~mended City B as the co~~unity in which the new plant 
should be located. Tl1e report pointed out that both Cities 
A and B were desirable, A moreso as far as liveability, dis-
tance from the present location, type of people, and other 
factors are concerned. The sole reason for recommeadlng 
City B over City A was tne difference of $688,000 in annual 
operating costs. The important facts about City 3 are: 
1. A more than adequate supply of labor, suit-
able for the division 1 s needs, is avai_lable. 
2. Transportation facilities for raw materials, 
finished goods, and labor are available. Raw materials may 
easily be bro tlght in by truck since the city is just off the 
state's main turnpike. Finished good.s can be shipped by 
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plane from the local airport and by parcel post. 
3. The city has a mayor-commission type 
government which is stable and has developed a good long 
range planning system. 
4. In 1958, taxes remained the sa~ • They 
will be stable with only moderate increases in the future. 
Assessment is equitable. 
5. The state itself is in good financial con-
dition, and no major tax increases are contemplated. There is 
a 3% sales tax; there is no state income tax either for indi-
viduals or corporations. 
6. Business climate is good. The state is or-
ganized for new industry. 
7. The three newest plants in town are not 
union-organized after three years of operation. The division 
could operate for a considerable period of time, if not in-
definitely, without a union. 
8. Adequate financing is available for a lease-
back arrangement. 
9. Building costs are lower than in the pre-
sent location. 
10. Housing costs are slightly lower than those 
in the present location. Rentals of single family houses are 
very scarce, however. 
11. Hospital and medical facilities are good 
with more in nearby City A and the present location, if 
necessary, for certain specialized medicine. 
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12. Hotels are just barely passable. 
13. Newspapers, morning and evening, give fine 
coverage of local and national news. 'l'he division would get 
more than fair treatment by the press. 
14. Catholic, Protestant, and Jewish religious 
institutions are adequate. 
15. Schools and teaching staffs are good. 
Schools in outlying areas are modern; those in the downtown 
sections are aged but in good repair. A full summer recrea-
tion program is provided. 
16. Excellent sites are available. Utilities 
will be provided by the city at any site selected, as will 
any necessary roads. 
Thus, it was the Project Manager's recommendation 
that the first new plant be located in City B. He also 
pointed out that more investigation was in order, to learn 
if a suitable site 25 to 50 miles from City 8 could be found 
for the second plant. If not, then City A should seriously 
be considered. The major drawback in locating the second 
plant in City A is that it would probably be necessary to in-
crease the wage rates in City B to equal those in City A, 
since the two cities are but thirty miles apart. 
SELECTING THE SITE 
Around the first of February, 1959, the Project 
Manager, with the approval of the Division Manager, made a 
third trip to City B in order to select a site from among 
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four previously visited, The Project Manager was accompanied 
by a member of the local development commission engaged in 
the real estate business. The two were able to select what 
they considered a very desirable site situated just off the 
turnpike mentioned earlier, The two then decided that the 
commission member should approach the owner of the land for 
the purpose of taking an option. Two days after his return, 
the Project Manager received a phone call from the commission 
member who related that he had successfully arranged an option 
to buy fifty-five acres at $1500 per acre, a very reasonable 
figure according to all concerned, 
The Project Manager then initiated a $1700 pur-
chase order# for the purpose of having the site surveyed, 
a topographical map made and borings taken. 
# A purchase order was used since the amount was to be 
capitalized along with the other costs of the plant, 
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CHAPTER III 
ARCHITECTURAL-ENGINEERING FIRM SELECTION 
PRELIMINARY SURVEY 
In early December 1958, the Project Manager, in the 
' 
course of a discussion with the company vice president in 
charge of services, obtained a list of six architectural-
engineering firms that might be considered for the design-
ing and constructing of the new plant. This list was turned 
over to one of the Department senior engineers who was to 
visit each of the firms, evaluate it and determine its abi-
lity to do the job. A seventh firm was recommended by one of 
the other engineers in the Department, and still another by 
the Division Manager. 
Each of the firms was visited and appraised on the 
basis of its size, composition of its staff and previous work. 
Those that had not erected plants of 150,000 square feet or 
more were eliminated, leaving three eligible for further con-
sideration. Plants recently constructed by these three were 
visited, and the project engineer then submitted a report 
with his evaluation of the different companies. After re-
viewing the project engineer's report, the Department Mana-
ger, with the project engineer, visited an out-of-state 
plant designed by the firm considered capable of doing the 
best job and both were pleased with what they found. 
One of this firm's partners was then invited to the 
present plant for a preliminary discussion concerning the re-
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quirements of the new plant. This meeting was followed by 
a second, during which the partner stated his company would 
engineer the new building for a fee amounting to 4% of the 
total construction costs. This amounted to a much smaller 
fee than that outlined by the other two major firms, one of 
which stipulated a construction cost-plus 7% figure; and the 
otter, an engineering cost-plus basis. Other advantages to 
this method were that the different phases of the work would 
be contracted on the basis of competitive bids and it would be 
known beforehand what the separate costs of the work would 
amount to. Both engineering and constructions costs would 
be less. These factors seemed to outweigh the drawback of 
detailed working drawings required for competitive bids. 
Under the other two fee plans, construction would 
have started as soon as structural drawings were finished, 
but the construction and engineering costs would have been 
on a pay-as-you-go basis and less control could have been 
exercised over them. 
SELECTION 
The Project Manager followed up this second meeting 
with a report to the Division Manager describing the fee basis 
and reco~nending the firm as being completely equipped to 
satisfy the Division's requirements. After receiving the 
Division Manager's approval to proceed, he initiated a pur-
chase order for $10 1 000 for the engineering firm to start 
design work on a first occupancy building of 22 1 000 square 
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feet. This building, which would be constructed first, was 
to be located on the new plant site, when selected, and to 
serve a three-fold purpose. It would supply additional pro-
duction, serve as a training ground for new people, and as 
a test point for new ideas. Its engineering cost was to be 
deducted from the total fee for the new plant. 
As a consequence of the decision to work on a 4% 
fee basis, the timing of the project changed. The date for 
ground breaking was moved back two months, and other phases 
accordingly. The wisdom of tf,is decision is questionable 
from one aspect and its effect impossible to measure. True, 
a savings of $75,000 in the engineering fee could be realized, 
but it was of primary importance that the plant and the re-
sulting increased production be available at the earliest 
possible date since during a period of market growth and 
increasing competition, it is important to capture as much 
of the market as possible. Profits wait for him who arrives 
11firstest with the mostest". When the growth curve has 
levelled out it is difficult to increase one's share of the 
market because competitors have become quite solidly en-
trenched. Furthermore, the cost of increasing one's share 
of the market is more expensive at that point than during 
an early period. For these reasons it is felt that a two 
months' delay would have proved costly in the final analysis 
had not top level company management created an equivalent 
delay of its own. 
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The two-month delay posed another problem which 
may prove serious in tbe summer of 1959. At present, the 
possibility of a steel strike exists. Should it materialize, 
the erection of the framework of the building may be delayed 
still further and disrupt all production plans. 
In ree;ard to the engineering firms consulted, a 
better plan for selection would have included the preparation 
of a set of basic qualifications to determine their cap-
ability for fulfilling the division's needs. The qualifi-
cations established, interviews could have been accomplished 
by phone calls and unsuitable firms, eliminated quickly. 
Secondly, from those considered capable, a program or written 
approach to tte problem should have been requested of each. 
Finally, a list of items of information necessary for the 
designing and engineering of the plant should have been re-
quested of the Department by the firm selected. 
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CHAPTER IV 
SPACE REQUIREMENTS 
Except for such factors as utility requirements, 
building shape, departmental locations and aesthetics, the 
determination of space requirements is the heart of any lay-
out project. It is that activity on which most others are 
focussed. 
In the first week of December, 1958, two of the 
engineers were assigned the task of developing departmental 
space requirements, based on data from the Five Year Plan. 
Vmen these values were found they were divided into three 
groups, two representing the manufacturing plants and the 
third, the administration-engineering building. As noted 
earlier, the two plants were to be equal in production 
capacity, but the first one to be built would include all 
final testing and all warehousing, branding, packing and 
shipping facilities. Not only would this first plant be 
self-sufficient, but the duplicating of certain activities 
would be eliminated and better control of the finished pro-
duct maintained. 
The results of the computations revealed that the 
1st plant should be about 156,000 square feet in size, and 
require about 2,300 people to operate in 1963. Upon re-
viewing the figures, the Project Manager felt that the 
estimate was 16,000 feet too high and consequently reduced 
it to 140,000 square feet. 
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From that point on, the size of the plant had 
been pegged. This was very unfortunate because the accuracy 
of the original data - abstracted from the Five Year Plan -
was not known. The 156,000 figure should have been used 
as a guide until all production, equipment, and personnel 
data had been completely reviewed and verified by the 
department. The Project Manager realized this despite his 
more or less arbitrary reduction. At subsequent meetings 
with the Division Manager and various members of the 
corporate staff, the Department Manager always referred to 
the size of the plant as 140,000 square feet, thereby ob-
ligating the Department members not to exceed that figure, 
plus a few thousand feet. 
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In the first week of January, 1959, the Department 
Manager assigned for analysis and layout, the various de-
partments to be included in the new plant. Two men were 
assigned the Assembly Department where the most technical and 
complex operations are performed. One man was assigned the 
Materials Department where the semiconductor crystals or "chips" 
are fabricated. One man was assigned all the utility require-
ments plus the Parts Department, where a variety of short cycle 
operations are performed; the Plating Department; and Multiple 
Package Department where 2, 3 or 4 diodes are encapsulated in 
a plastic case and used as a unit in certain types of cir-
cuitry. One man was assigned the job of planning the first 
occupancy building already mentioned, and the sixth was 
assigned the remaining departments, of which there were 
marty, Included were the office sections, such as accounting, 
purchasing, production control and personnel (all of whose) 
space requirements are fairly simple to calculate), and a 
number of operating departments such as Quality Control, 
Customer Service, Receiving and Stores, and all the mechanical 
services and Maintenance Departments, 
To say the least the assignmants were inequitable 
from the time-requirement standpoint. However, the Project 
Manager had repeatedly stated that the department's effort 
was to be a team effort and that the group would be success-
ful as a unit and no other way. For this reason no great 
concern was created when the assignments were made. All 
were aware that as one man finished his work, he would be 
phased into another project to assist a department member 
whose task required more time. 
In the sections to follow, the procedures used to 
establish space needs for two major areas are discussed in 
detail; others are not since the inclusion of all would re-
sult in a mass of unexciting reading. The first occupancy 
building is reviewed in CHAPTER VI. 
ASSEMBLY DEPARTMENT 
The first step for the calculation of assembly 
space required was the determining of the amount of equip-
ment needed and the number of people to operate it. Time 
standards for each operation were obtained from the Indus-
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trial Engineering Department. These were used to factor 
the forecast production volumes to arrive at the number of 
hours required for each operation, and from this the number 
of pieces of equipment and personnel were determined. The 
equipment figures were then converted into space require-
ments for the actual assembly area itself. The personnel 
figures were to be used to arrive at space requirements for 
non-manufacturing areas such as aisles, locker rooms, rest 
rooms and the like. 
The second step was the comparing of present 
volumes and space utilization with the estimates derived in 
step one, There was no reasonable agreement. The next re-
sort was to compare the estimates with several pilot lines 
on the basis that they were more advanced and efficient, 
Still no agreement. 
The two engineers then re-evaluated their position 
and decided to take a different tack. 
As a third step, each of the twenty-four different 
products to be in production by 1963 was posted to a sheet 
and against it, every operation with its description and 
number of work positions. Next, after flow diagrams and 
manufacturing specifications were checked to insure the 
accuracy of the data, an assembly line for each type was laid 
out. Then, those new lines for units already in production 
were com)ared with existing lines to see if they agreed with 
each other. Minor discrepancies were found, but easily 
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corrected. This procedure was repeated for closely related 
products which were not in production until all the lines 
were laid out. 
The fourth step was the calculation of the total 
assembly line space for all types, the volume ofsome types 
necessitating more than one line. This was accomplished in 
two phases. First, curves were plotted of the various line 
lengths and their frequencies to determine the optimum 
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lengths for the new plant. Second, the center-to-center spacing 
of lines was studied and a distance established. 
The fifth step was the determining of the require-
ments for service areas such as stairways, aisles, rest 
rooms and looker rooms; and the requirements for office and 
desk space for foremen, clerks and the related process en-
gineering staff. The governing factors in these areas were 
traffic flow and number of people. 
At about tl:is time the Project Nianager specified 
the products to be manufactured in this plant. Their volume 
amounted to about 37% of the 1963 total rather than the de-
sired 50%. Consequently, a few more types were selected whose 
volume rounded ou the 50% and whose assembly line space re-
quirements coupled with the units named by the .Project 
i1!anager also equalled approximately 50%. It was then neces-
sary to return to step one to recompute the number of people 
needed to operate the established lines and the contingent 
non-manufacturing space. This marked the completion of 
assembly space calculations, the square footage required 
totalling 41,600 feet. 
The exact reasons for the initial disagreement 
among the space figures is not known for certain, although 
two good probabilities exist. First, the industrial en-
gineering standards may not be completely accurate since 
not all equipment is standardized and certain undesirable 
conditions exist. Second, present layouts are not the best 
due to the fact that with rapid growth, equipment has been 
fitted into existing space in stop-gap fashion, rather than 
complete relayout. More than likely, the combined effect of 
these two was responsible for the discrepancies. 
OFFICE BUILDING 
As a preliminary step to the calculation of space 
requirements for the office building, the assigned engineer 
drew up a set of organization charts for all departments, to 
be housed in the new plant. Staffing was keyed to 1963 oper-
ating levels and was based on facts and figures presented 
by department managers and responsible subordinates. 
Upon reviewing the charts, tne Department Manager 
expressed the opinion that too many supervisory levels exist-
ed. This opinion was based on the fact that in the production 
departments, all foremen were reenforced by supervisors work-
ing under them with whom supervisory and clerical duties were 
shared. Accordingly, all "supervisor" positions were elimi-
nated from the charts, and in instances where inadequate 
63 
supervision and clerical help resulted, foremen and clerks 
were added. The obvious purpose of this action was to de-
sign an organization where first line supervision was per-
formed by foremen and clerical duties carried out by clerks. 
The Project !.Janager subsequently discussed this 
basic organizational concept with the Division Manager who 
endorsed it after studying the charts. 
Since office space needs are mainly dictated by 
numbers of people rather than equipment, the charts were 
used to decide which sections and/or individuals from cer-
tain operating departments would be included in the office 
building in addition to those departments which were to be 
included there in their entirety. The departments and 
sections to be included were: 
1. Personnel 
2. Manufacturing Engineering 
3. Q.uali ty Control 
4. Accounting 
5. Production Control 
6. Purchasing 
7. Customer Service 
In addition, the following areas were also to be housed in 
the office building: private offices for the Plant manager 
and his staff, which was comprised of all department managers; 
two conference rooms; a telephone switchboard and terminal 
room; a lobby; rest rooms; and a mail and office supplies room. 
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Private office space was determined by establishing 
standard office sizes for the Plant Manager, his staff, and 
the next managerial level. In addition, certain other 
functions requiring privacy, such as employment interviewing 
and buying were allowed office space. T'ne only permanent 
offices to be distinguished by ceiling-high partitions, were 
those of the Plant Manager and his staff. 
A survey was then made of present offices to de-
termine space needs for office machines, cabinets, and files, 
the information being recorded on forms especially designed 
for the purpose. It was found that normal allowances would 
suffice. 
Next, for all individuals to be located in the 
general office areas, a factor of 80 square feet per person 
was used, which included an allowance for interior aisles 
and the office equipment mentioned. 
Square footage for rest rooms was calculated on 
the basis of the number of' males and f emales to be housed in 
the building, their total to equal 150-165 people. 
Conference rooms were designed to comf'ortably ac-
commodate up to a dozen people and permit use of presentation 
materials. 
The size of the mail and office supplies room was 
estimated on the basis of present practices. 
The size of the lobby was established arbitrarily, 
but was large enough to contain a receptionist, half a dozen 
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coffee and end tables, and chairs and couches to seat 12 to 
15 people. 
The space for telephone equipment was determined 
by estimating the number of lines (extensions) to be used 
in the plant; the number of outside trunk lines necessary; 
and the amount of automatic equipment necessary for operation 
of the above. 
The final item was the allowance for main aisles. 
The figure used was 10% of the total of all other items, and 
was based on past experience. The estimate for the office 
building totalled 23,000 square feet. 
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CHAPTER V 
SERVICE REQ,UIREMENTS 
The project ror establishing service require-
ments ror the new plant was assigned to one engineer. The 
project's objective was to determine the rollowing for use 
by the architectural-engineering consultant: 
1. Kinds or services required; e.g. gas, 
electricity, water 
2. System to give tl:is service; e.g. water 
treatment system 
3. Layout ror the system; e.g. overhead vs. 
under-rloor piping 
The approach to attaining these objectives was made in this 
same order, the rirst objective being to determine the kinds 
or services required. 
Flow charta or the prodl cts currently being made 
were acquired rrorn the Speciricationa Group or the Product 
Engineering Department. These charts formed the outline for 
the next step wl,ich was to take the flow charts out to the 
production floors and follow each step in the manufacture or 
the product. It must be remembered at this point that the 
engineer assigned was unramiliar with both the product and 
the process. Using the flow charta as references, the en-
gineer viewed each operation either with a process engineer 
or a roreman. The form or question asked followed this pattern: 
1. What is the purpose of the operation? 
67 
2. What equipment is used? 
3. What services come into this operation? 
4. What problems are you experiencing with 
this operation? 
5. Vihat action is being taken to solve these 
problems? - By whom? 
6. How would you set up this operation in a 
new plant? 
The answers to these questions formed the basis of 
further inquiry, and in addition, were used to add more de-
tail to the flow charts. Now the charts included not only 
t~e operations performed, but also noted the services for each 
operation and points to follow up. This approach could not 
be followed in detail by the engineer on the project due to 
the little time allotted, about one month, for this phase 
of the plant project. With the time limit in mind, deter-
mination of the services required in various areas was re-
quested of each of the project engineers assigned the re-
sponsibility of developing the area layouts. 
With the project divided into four sections, the 
necessary detail was obtained within the limited time. 
The approach followed by the several project 
engineers paralleled that described earlier. The man working 
on the detailed layout of one area was able to gather service 
information at the same time as getting other pertinent lay-
out data. This permitted the development of a list, by 
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department, which noted: 
1. All the operations performed on each 
product 
2. The equipment necessary to perform 
this operation 
3. The services required for the operations 
Next, the machine hours required to produce a thousand units 
of the product was established using either existing time 
standards or estimates developed by the foreman or project 
engineer. Knowing the productivity of the equipment, the 
operations required, and the sales forecast for the planned 
period, estimation of total manufacturing equipment required 
was accomplished. Since the services were directly related 
to the equipment, the amount of services, by type, was next 
determined. All this information was fed back to the one 
engineer for integration of data. Next, service require-
ments not directly related to the product were established. 
These services fell into three classes with 
reference to usage. They were: 
1. Building services such as water for 
fire sprinklers 
2. Employee services, such as water for 
rest rooms 
3. Service equipment services, such as 
electricity for air compressors 
The building services were established primarily by the layout 
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of the plant, volume estimates and building codes. The 
employee services were based on the estimated number of 
personnel planned for the plant. This information was de-
veloped from the relation between planned production output 
and manpower required for the maximum condition. Finally, 
service equipment services were determined by checking off 
the product services, noting the equipment necessary for 
providing them, and listing those that would be necessary 
for this equipment. Wi ti:1 both the product and other ser-
vices now accounted for by this method of classification and 
analysis, the services were then summarized in a systems 
list as follows: 
1. Electricity 
2. Gases 
A. Air 
B. Nitrogen 
c. Hydrogen 
D. Argon 
E. Forming gas 
F. Dissociated ammonia 
G. ConLrnercial gas 
3. Water 
A. Deionized 
B. Drinking 
4. Air conditioning 
The approach to the development of these systems 
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was analagous to the approach to the manufacturing process. 
In the manufacturing process, the product is a semiconductor 
device. The arrangement and organization of this process 
is designed to produce the most product for the least cost. 
In regard to services, the product is so many gallons of 
treated water of pre-established specifications. With the 
cost element the guiding factor therefore, each system was 
designed. 
The data was then summarized for the architectural-
engineering consultant in the form of a block layout which 
showed the tentative location of the service equipment in a 
central service building. Using this layout along with the 
detailed backup data, the consulting firm made up detailed 
drawings which were reviewed with the Plant Project Manager 
for final approval. 
71 
CHAPTi.R VI 
FIRST OCCUPA';CY BUILDING 
The •f'irst occupancy build ins" was iD be the f'irst 
structur~ erected on the plant site. Its purpose was 
threef'old: it was to provide quickly, a limited amount of' 
new production facilities by being in operation before the 
new plant was f'inished; to serve as a training ground f'or 
new personnel; and serve as a testing ground f'or certain 
new features in connection with an ultra-clean assembly and 
materials area, the purpose of' which was to eff'ect high 
product quality, 
Originally it v. as decided to lease space for the 
f'irst occupancy building, when durinG the plant location 
pha~e of the project it appeared that City A might be se-
lected instead of' City B. A cost analysis indicated, hO\"iever, 
that the expense of remodelling the best available 8Xisting 
space woulrl approxlmately equal the cost of' constructing an 
equivalent-sized section of the new plant, f'irst. For this 
reason, it was decided to erect a small building. 
The building was to be so oriented on the site 
that it would be part of the new plant when the latter was 
completed. It was to be a permanent type structure except 
for one wall, which was to be temporary and which would be 
removed when all construction v;as completed. The building 
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would then be converted to house activity integrated with 
the main plant. 
Space requirements were calm.llated in much the 
saJne fashion as those reviewed for the assembly and office 
areas, after a predetermined production level had been speci-
fied by the Division i\lanager, who decided that thetv10 prod-
ucts with the greatest volume would be produced here. 
MANUFACTUnlNG SPACE 
For the production areas, space requirements were 
arrived at by using standard data supplied by the Industrial 
Engineering Department. The estimates were then refined by 
comparisons with present facilities. Personnel estimates 
were used to determine the size of the supervisory staff, and 
this group's office space in turn was based on its size. 
MAINTENACJCE SHOP 
Since the building was to be a new installation, 
maintenance requirements would be considerably lower than at 
present plants. To start the operation, only a skeleton crew 
was to be on hand and only three trades represented. These 
were plumbing, electrical, and mechanical. Other trades were 
to be added if and when required. The size of the maintenance 
shop was based on the number of workbenches, several general 
purpose power tools, and a small stockroom. 
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DISPENSARY 
The size of the dispensary was determined by obtain-
ing actual dimensions of the medical equipment necessary and 
quadrupling its dimensions. This rule of thumb was used on 
the recommendation of the division doctor. Comparison with 
one of the division's present dispensaries indicated a vari-
ance of less than 10%, so the estimate was accepted as being 
sufficiently accurate. Added to the above estimate were allow-
ances for a waiting room and an examining room for the pro-
cessing of new applicants. 
CAFETERIA 
Based on the expectation that most people would 
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bring their own lunch, no kitchen facilities were to be pro-
vided in the building. A dining room with a snack bar was 
considered adequate, and would be used for coffee breaks in 
addition to the lunch periods. In order to keep this area's 
size at a minimum, the lunch period was to be divided into three 
different shifts. 
GENERAL OFFICE 
In addition to the departments already noted, the 
building was to house a general office area to be occupied by 
a number of groups drawn from the following departments: 
Personnel, Production Control, Process Engineering, a~d 
Quality Control. The size of the area was based directly on 
the number of individuals involved and a factor of sixty 
square feet per person used. The temporary status of the 
building as a separate manufacturing entity was the reason for 
the smaller per person allotment of space. 
MISCELLANEOUS 
Also to be included in the building were a receiv-
ing and shipping area, locker rooms, rest rooms, and a utili-
ties area. 
DESIGN 
When the total space requirements of the building 
were determined, an arbitrary shape was selected and a block 
layout made. A flow diagram was then drawn to arrive at the 
optimum layout. The cost of various bay sizes and column 
spacings were then compared and the most economical and 
appropriate one specified. This was followed by a detailed 
equipment layout and the information submitted to the archi-
tectural-engineering consultant for structural steel drawings. 
SERVICES AND EQUIPMENT 
In order to arrive at the total service requirements 
for the building, an equipment card was made out for each 
piece of equipme~t to be used. Figure l is a reproduction of 
the card used. In addition to being designed to permit calcu-
lation of service and power loads, the card was designed to 
serve as a ready file to be submitted to the Purchasing Depart-
ment when the capital approval for equipment was made. 
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For some items requiring long lead times for delivery, 
quotes were requested from vendors in the form of intents to 
purchase, rather than bona fide purchase orders, due to the 
DESCRIPTION ___ (ITEM) CARD NO. 
Supplier 
Delivery Time 
Model 
Manufacturer 
Catalog 
LxWxH 
Wgt. 
Dwg. No. 
Prod, Capacity 
SERVICES 
~ 
Exhaust 
Drain 
Hot Water 
Cold Water 
02; H2; W2; A2 
Other 
COST 
Equip, 
Install. 
PLAN AND WORK ARRANGE!I'IENT 
FIGURE THE EQUIPM~NT CARD 
fact thatapproval had not been received, so lOO% commit-
menta could not be made, 
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CHAPTER VII 
NEVI PLANT DESIGN AND LAYOUT 
GENERAL D:ESI GN 
One of the main factors in transistor and diode 
quality is cleanliness. The semiconductor chip is so small 
and light that a speck of dust from the air can cause a unit 
to short circuit if it settles in the rigl:t place on the 
chip. (The sa.'lle effect can be caused by a particle of dirt 
from an operator's handss of course. At present, all assembly 
line operators are required to wear rubber finger cots in 
order to minimize losses.) Cleanliness is also requisite in 
most of the materials area where gernanium and silicon are re-
fined and crystals are grown. 
PLANT 
It was decided therefore, to isolate part of the 
materials area and the entire assembly area from the rest of 
the plant. 
All of the plant was to be air-conditioned, parti-
cularly for comfort reasons. since some of the production 
equipment generated a large a.'Jlount of heat. It was singu-
larly important that the air conditioning in the assembly 
ll.rea be draft-free, because a draft on on" of the hydrogen 
annell.ling furnaces could cause an entire load of product to 
be ruined. 
In addition to the air conditioning equipment in 
the 11 clean" area, electrostatic dust precipitators were to 
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be installed in order to remove as much dust as possible 
from the air. 
At one of the Plant froject Department meetings, 
it was decided that the plant be a single story structure -
except for a partial basement. The principal considerations 
governing this decision were the space and money saving ad-
vantages of the single story over the multiple story build-
ing.'-~ Due to the fact that the assembly area required all 
of the services described in the previous chapter, it was 
agreed that a basement be constructed under the assembly 
floor and the services run up through holes in the floor, 
rather than overhead and down to the equipment. These 
holes were to be designed into the floor and spaced at six 
foot intervals in four directions, so that no matter how 
the equipment was laid out or rearranged in the future, 
maxim~~ flexibility of service lines would always obtain. 
There were several advantages to running the lines up from 
the basement. Under this arrangement, maintenance could be 
performed on the process piping and power lines without 
seriously disrupting production. In addition, all the atten-
dant ~rt that accompanies maintenance would be eliminated 
from the clean area; shorter lengths of piping and wires 
would be necessary, thus reducing construction cost; dust-
collecting pipes and bus ducts would not be a cleaning pro-
* 1, P• 730 
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blem; lighting would be more uniform since no obstructions 
would be present; and the appearance of tl:e area would be 
enhanced since no maze of piping would interfere with one's 
view. Supervision could be more easily maintained for this 
same reason. 
Access to the clean area was to be had tr~u one 
entrance only, a vestibule, equipped with shoe cleaning 
machines set in the floor, and a bank of wash stands. These 
measures were adopted in a further effort to improve quality. 
Since the basement would house all the service 
lines, it was most logical to locate there, in addition to 
the maintenance shops, departments and activities where clean-
liness was of secondary importance. Consequently, the Parts, 
Plating, and Circuit Package Departments were assigned to 
the basement also, as well as the Receiving and Stores, 
and Incoming Materials Inspection Departments. 
All other plant activities were to be located on 
the same level as the clean area. 
OFFICE BUIWING 
The first ideas expressed in connection with the 
office building were that it should be a separate two story 
affair connected to the plant by means of a passageway. This 
particular architectural design has no practical advantage, 
however, unless the manufacturing activity it is associated 
with is dirty, noisy, malodorous or the like. And even from 
the aesthetic standpoint it cannot be considered superior. 
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On the other hand, an office building or section 
directly attached to a plant or incorporated within the 
plant itself, is cheaper both to construct and to operate. 
In ~1e worst or these cases, the minimum advantage is the 
elimination or an exterior wall, shorter walking distances 
between manufacturing and office areas, shorter runs for 
utilities, and lower heating and maintenance costs. 
The Department decided, therefore, that the best 
and most economical design from all standpoints was, again, 
a single story structure or rectangular shape, one or whose 
walls should be common to the plant. The office section was 
not to be incorporated within the plant since a certain 
amount of physical separation was desired. Also, a smaller 
bay size was to be used in order to economize on structural 
steel costs. Larger bays were to be used in the plant so 
that fewer columns, and therefore more flexibility, could be 
attained. 
CAFETERIA 
After studying the topography of the plant site 
and its orientation to the turnpike, the Project Manager 
recommended that the cafeteria be located to the right or 
and contiguous to the office building. The cafeteria's 
architecture and exterior finish were to be attractively 
done. Situated in the proposed location, it would be the 
most prominent single feature as viewed from the turnpike. 
Also, its structural requirements were identical with those 
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of the office building. Third, and finally, tr:e topography 
of the land was such that the ground fell away to the left 
of the office building, so that locating it on the other 
side of the plant would have been more costly. For this same 
reason, the basement and Assembly Department were located 
on the left side of the plant. 
LAYOUT MAmRIALS 
During the early stages of the Department's 
existence, the Project Manager made it known that layout 
work would be done with certain materials. The base sheet, 
or material on which templates representing all types of 
equipment would be laid, was to be a transparent plastic im-
prLlted with coordinates on a 1/4 inch scale. The templates 
t:r.emselves were to be black with transparent lettering. 
Walls, partitions, aisles, stairs, etc. were to be represent-
ed by tapes with black designs on a transparent background. 
The purpose of the black-on-transparent combination was the 
professional quality of reproductions. Ozalid prints show 
clear contrasts, are easy to study, and most legible. The 
templates and tapes stand out readily, whereas in the re-
verse, with white templates and dark outlines, individual 
pieces of equipment are less easily discerned. Exhibit A 
in the Appendix consists of a sample of the materials used. 
To achieve the Project Manager's desired results, 
a good amount of research was made by two of the engineers. 
The administrative assistant made the first or preliminary 
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investigation, learning that there were several commercial 
sources of templates and tapes. The templates for office 
equipment, of which a large number were required, were not 
the appropriate type, however. Further investigation re-
vealed that the company itself maintains a large and com-
plete photographic service. This solved part of the pro-
blem in that templates of custom made equipment could be 
produced photographically. The negative of a scale drawing 
made on white paper with black lettering will yield the oppp-
site effect. This negative can then be used as a master, 
and, when run through an ozalid machine with a transparent 
diazo acetate material will produce an exact copy of itself. 
This process was explained to the Project Manager who felt 
it was adequate for the department's needs. 
Templates were to be attached to the grid sheet by 
means of double coated#, pressure sensitive transparent 
tape, which was found to be commercially available in rolla 
up to 36 inches wide and 324 inches long. This tape has 
several advantages. It may be attached in any width strip, 
by its exposed surface, to the bottoms of diazo sheets on 
which templates have been produced. Then, with one sur-
face still covered with the plastic separator, the indivi-
dual templates may be cut out in regular shapes (since the 
areas surrounding the pattern of the item represented are 
# One of the adhesive coatings is protected by a very thin, 
white plastic separator easily removed at the proper time. 
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transparent) and arranged on the grid sheet as desired. 
When a satisfactory layout has been decided on, the plastic 
separator may be peeled off and the templates put dovm in 
place. The templates may be rearranged a dozen times if 
necessary, for the purpose of making and comparing the re-
productions of alternative layouts, without affecting 
seriously the adhesive quality of the tape. The tape it-
self is burned out in the reproduction process so that no un-
desirable lines or shadings result. 
At this point, the problem of proper templates 
for office equipment still remained. Although templates 
could have been made by the photographic technique described, 
the Project Manager wished to restrict the use of this pro-
cess to the custom equipment, for wbich there was no other 
means. 
In the middle of February, 1959, the corporate 
industrial engineering section held a meeting of all super-
visory industrial engineers for the purpose of coordinating 
procedures. At this meeting, attended by the Project J{,anager, 
samples of templates and template masters of office equip-
ment were introduced and declared available to all. This bit 
of luck marked the end of the search for a complete line of 
suitable materials. 
LAYOUT 
When all space requirements had been established 
and verified, a rectangular block layout of the plant was 
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made, to see if this particular configuration was feasible. 
When it was evident tr"at this shape could be used, template 
layout was begun. 
TYPE 
As a result of the adoption of tbe rectangle, the 
layout of the plant was to become a combination of both the 
product and process types. Exhibit B of the appendix is a 
copy of the engineering drawing of the first floor plan of 
the plant, made from the first detailed layout submitted by 
the Department to the engineering consultant in mid-March, 
1959. 
As seen from the drawing, the assembly area is 
situated at the extreme left of the plant with the materials 
area to its right. The red line has been drawn in to in-
dicate the right hand extremity of the basement, which as 
noted in a previous section, lies beneath the assembly area. 
The upshot of this arrangement of equipment is 
that certain materials will be processed initially in the 
Parts Department, others in the Materials Department, and 
then both groups sent to the Assembly Department. From this 
area, some of the product will be transported to the base-
ment for plating, some directly to the Parts Department for 
spreading and color coding of the leads. Final routing 
leads either directly to the warehouse or to the Final Test 
Department for classification and then branding, packing, and 
shipping. 
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The operations, or better, the layouts, in the 
Parts, Plating, Assembly, and Materials Departments are vir-
tually of the product type within themselves. The same is 
true for the succeeding departments, both within themselves 
and in relation to each ot:1er. In the larger sense, how-
ever, the layout is a combination of both the product and 
process types. 
JUSTIFICATION 
Some of the backtracking which will result due to 
the locations of the first four departments could be avoided 
if the Materials Department were located to the left of the 
Assembly Department. All of it could be avoided by situating 
part of the Parts Department, and the Plating Department to 
the right of the Assembly Department, so that all four areas 
are in line, and a straight product type layout is effected. 
If this were done, however, either the basement space would 
be wasted if the same services arrangement were kept, or 
the advantages of running the services upwards would be lost. 
Eoth of these alternatives were considered inferior to the 
arrangement adopted. The problem that was made greater, or 
rather the factor that was sacrificed, was materials handling. 
This is the saving grace of the layout, however. 
In almost every plant, whether the product is 
cans, apples, machinery, milk, clothing, automobiles, paint, 
or whatever, the materials handling problem is a major one 
and much study and research must be devoted to it. The pro-
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blem has so many aspects, such as weight of materials, size, 
shape, strength, handling equipment, handling time, move-
ment scheduling, and storage space, that overlooking or 
neglecting on side of it can lead to serious consequences. 
With semiconductors the problem is nonexistent for 
all practical purposes. An entire day's production for this 
plant will eventually reach 140,000 units. Yet this amount 
may be stored in less than 40 cubic feet of' space, weigh 
less than 300 pounds, but be worth $175,000 at the market 
price. Obviously then, materials handling was a minor con-
sideration, and was correctly subordinated to the more im-
portant design and layout matters. 
FLEXIBILI1'Y 
Admittedly, any plant must possess the quality of 
flexibility, not only with respect to the ease with which 
its equipment may be rearranged, but also with reference to 
its ability to permit expansion with minimum disruption of 
its operations. This plant was planned with its requirements 
anticipated for four years in advance. In addition, it was 
designed and laid out in such a manner that if it becomes 
necessary to increase even these peak allowances, it can be 
done by extending the plant to the left, rear, and right, 
the office building to the left, and the cafeteria to the 
right. Moreover, the addition of a third shift alone will 
allow up to a 50% expansion. 
It is possible that this expansion will never need 
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to take place. Division management has stressed the idea 
that is does not want the size of the work force to exceed 
estimated requirements. Moreover, the introduction of auto-
matic equipment into the process will tend to reduce the size 
of the work force and will not increase - from present in-
dications - the space requirements. 
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CHAPTER VIII 
SU!tiMARY 
It has been said that nowadays most large com-
panies devote two to three years to planning a new plant. 
This is understandable considering the range of activities 
to be researched and studied. And although a specialized 
group of highly qualified people are assi3ned the job, the 
problems of gathering the data, refining it, and converting 
it into useful information, are staggering due to the 
numbers of busy people throughout the organization who must 
be consulted and counted on to supply facts and figures. 
In short, the scope of such a pro~ct is all-encompassing. 
It was unfortunate, therefore, that corporate and 
division management were not sufficiently alert to have 
initiated the plant project at a much earlier date. This 
is not to say that two or three years were required here, 
but certainly the plannl_ng period was too short for a plant 
of this size. More time could still be spent, but too great 
a loss in share of market would be suffered. All one has to 
do is read the 11 help wanted" advertisements in the newspapers 
to discover the shortage of semiconductor engineers and 
the number of companies entering the semiconductor industry. 
When the project was finally commenced, it was 
well handled in the sense that the Division Manager realized 
that a new and separate group;' was needed to carry out the 
;~ 3, p. 15 
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work, and selected the right individual to head up the 
Department. 
As ror the Department, what were its accomplish-
ments with respect to the job done? True, its internal 
administration was not the best in regard to meetings and 
project reports. Its project report file is as bare as 
"Mother Hubbard's cupboard". 
Other phases of its operation were more success-
ful. Despite the fact that much of the detail work of the 
plant location problem was done by a consultant, it was the 
Project Manager's supervision and e;uidance, throughout a 
comprehensive investigation, that brought about the selection 
of a good site in a desirable community. 
The survey referred to in the Introduction re-
vealed the mistakes of many firms that had erected plants 
in new locations. Had these firms followed standard practice, 
as was done in this case, or had they referred to a college 
text book even, these mistakes would not have occurred. 
Plant location is not a gambling proposition. Nothing can 
be left to chance, particularly when there are so many 
factors involved, and so much hinges on each. 
The technique em,)loyed to select the architectural-
engineering firm was an intelligent one, albeit a little 
slow at first. What made it intelligent was that key ques-
tions were asked as to how the firm would attack the problem, 
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how it would evaluate the requirements of the plant, what 
its previous experience included, and to whom and how the 
various phases of the work would be assigned. Furthermore, 
the reputation of the firm was checked by Dun and Bradstreet 
with whom it has an AAA rating. It was also learned that 
several members of its staff were outstanding in tLeir 
fields. The man who had been proposed as the project 
leader, it was later discovered, is considered to be one 
of the foremost mechanical engineers in the Country. 
The concept of ti1e first occupancy building is 
not unique, but the practice is by no means standard prac-
tice. Many companies do set up training operations when 
about to open a new plant. The training, though, is done 
either in existing space or in a part of tile new plant 
intentionally completed first, Here, the idea was to have 
ready-trained groups of people so that production could be 
realized as soon as tne plant was complete, Of course, the 
need for additional production was a strong influence for 
the first occupancy program. 
In regard to the analyses of space requirements 
and services, and the design and layout of the plant, not 
much can be stated at this stage except that the v.ork was 
complete and thorough, as described. 
Altl,ough the proof of most puddine;s is in the 
eating, the cost is in the preparation; but as far as this 
plant is concerned, the pudding has not yet been dished out. 
In the way of making the most pertinent and broad criticism, 
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then, the following question is asked: 11How could all re-
quired data have been gathered more effectively, and in 
less time?" The answer is more detailed planning of the 
overall project by the Group, with more review and follow-
up by supervision. The planning would have outlined the 
initial step to be taken, defining a standard approach and 
the gathering of data. In addition, it would have shown 
the scope of sub-projects, and the time to complete them 
satisfactorily. The follow-up would have indicated where 
a disproportionate amount of time was being spent. For 
example, about one-third the time spent on services was 
devoted to the analysis of water treatment systems, present 
and proposed. Planning and follow-up on a regularly sched-
uled basis in the form of concise project reports would 
have given a more accurate picture of a project's status at 
any one time, thus providing the means for revising the 
plan or project. 
In conclusion, considering that the Plant Project 
Department was created, selected, and assigned a wide variety 
of projects with short due dates in a period of less than 
eight months - and considering that all significant dates 
were met - its accomplishment is in itself an example of a 
prize-winning hasty pudding, a tribute to a good cook and 
manager of men, the Plant Project Department Manager. 
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APPENDIX 
EXHIBIT A 
Layout Materials Used by the 
Plant Project Department 
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